Background. Blastomycosis is a potentially life-threatening infection caused by the soil-based dimorphic fungus Blastomyces dermatitidis, which is endemic throughout much of the Midwestern United States. We investigated an increase in reported cases of blastomycosis that occurred during 2009-2010 in Marathon County, Wisconsin.
During February 2010, county health officials first noticed an increase in the number of reported cases of blastomycosis in Marathon County, in north-central Wisconsin, beginning in October 2009. Initial investigation revealed case clustering within neighborhoods and households, and a disproportionate number of cases occurring among persons of Hmong ethnicity. Hmong people, originally from Southeast Asia, resettled in the United States after the Vietnam War, and many reside in a small number of counties in Wisconsin, with Marathon County having the largest Hmong population in the state [5] . During June-July 2010, we conducted an epidemiologic investigation to examine the high rates of blastomycosis occurring among Marathon County residents and determine risk factors for B. dermatitidis infection, including exposures to potential common environmental sources.
METHODS

Case Finding and Case and Cluster Definitions
A case was defined as illness in a resident of Marathon County with a clinical specimen positive for Blastomyces by culture or morphology consistent with Blastomyces using microscopy. The outbreak period was defined as 1 September 2009 through 14 June 2010. Cases were identified through the Wisconsin Electronic Disease Surveillance System (WEDSS), which contains demographic, clinical, and exposure information from a detailed standardized Wisconsin Division of Public Health (WDPH) blastomycosis questionnaire. Exposures were defined as those occurring during the 90 days prior to the illness onset date. Additionally, we reviewed all cases of blastomycosis among Marathon County residents that were reported to the WDPH with illness onsets during calendar years 2000-2010. The residential addresses and locations of outdoor activities of outbreak-period Marathon County case patients were mapped using ArcGIS software (version 9.3), and a statistical space-time analysis was conducted using SaTScan software (version 9.1) to confirm the presence of an outbreak. Based on residential mapping, we defined a cluster as either ≥2 cases occurring in the same household with ≥1 other case occurring in the same neighborhood/subdivision, or ≥4 cases occurring in the same neighborhood/subdivision. A cluster case was defined as an outbreak case within a cluster.
Incidence Rates
Annual age-adjusted incidence rates were calculated among Asian and non-Asian populations in Marathon County during 2000-2010. Hmong-specific incidence rates were not available, but approximately 78% of Asians in Marathon County are estimated to be Hmong [5] . Denominator data obtained from the yearly US Census Bureau estimates for 2000-2010 were used to calculate incidence estimates. Age adjustment was performed using the Marathon County 2000 population as a standard reference. Comparison of binomial proportions were used to examine differences in ageadjusted incidence rates between Asians and non-Asians. Case-case analyses were conducted using Asian race as a proxy because, with the exception of cluster cases during the outbreak period, Hmong-specific data were not available.
Case-Case Analyses
Cluster Case-Control Study
To understand whether specific types of exposures were associated with cluster cases during the outbreak period, we conducted a 1:3 matched case-control study. A control was defined as a person with no clinical, laboratory, or radiological evidence of blastomycosis who was a resident of the same household or neighborhood as the matched case patient during 1 September 2009-14 June 2010. Controls were matched by age group (child aged <18 years vs adult) and were asked about their potential exposures during the same 90-day time period as their matched case patient. If household controls were unavailable, neighborhood controls were systematically selected by geographic proximity. A standardized questionnaire was administered in person in English, Spanish, or Hmong by trained staff. The questionnaire included questions regarding physical aspects of the home environment and potential exposures near the home, recreational and occupational outdoor activities, and medical information (ie, underlying conditions and course of illness).
Data Analysis
Data were analyzed using SAS software (version 9.2). Categorical variables were compared using χ 2 and Fisher exact tests, and continuous variables were compared using Student t tests. Univariate odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Two-sided P values of ≤.05 were considered statistically significant. In the cluster case-control analysis, variables with a P value of <.3 were considered for inclusion in a forward stepwise multivariate logistic regression model.
RESULTS
Outbreak and Cluster Delineation and Case Characteristics
The We identified 55 blastomycosis cases with estimated illness onset dates during the outbreak period of 1 September 2009-14 June 2010. Among case patients, the median age was 31 years (range, 3-81 years); 36 (65%) were male, 20 (45%) were Asian, 33 (70%) were hospitalized, and 2 (5%) died. Three patients (5%) had extrapulmonary infection: 1 patient, a renal transplant patient, had disseminated infection, 1 had bone disease, and 1 had skin lesions without pulmonary involvement. Eleven (25%) case patients were immunocompromised, 9 (20%) had a history of smoking, and 8 (18%) had other household members diagnosed with blastomycosis. Camping, fishing, or hiking was reported among the majority (54%) of case patients.
Among the 55 outbreak blastomycosis cases, 30 (55%) cases were geographically clustered in 5 neighborhoods, with a range of 3-10 cases per cluster. When cluster cases were excluded from the epidemic curve, the distribution of cases not assigned to a cluster during the outbreak period was similar to that noted during previous years, with the exception of 2006, when a previously documented outbreak occurred in a neighboring county [4] (Figure 1 ). SaTScan analysis further demonstrated the existence of a statistically significant (P < .05) outbreak during 2009-2010 (data not shown). Mapping of outbreak case patients' homes and recreational activities identified 5 distinct residential clusters containing a total of 30 cluster cases.
Incidence Rates
The overall blastomycosis age-adjusted incidence rate (aIR) among Marathon County residents ( 
Case-Case Analyses
Outbreak Cases Versus Historical (2005-2009) Cases
Compared to historical case patients, outbreak case patients were significantly more likely to be Asian (OR, 2.3; 95% CI, 1.1-4.7), and to have a household member diagnosed with blastomycosis (OR, 9.3; 95% CI, 1.9-46.1) ( Table 1) . Outbreak case patients were less likely than historical case patients to have smoking histories (OR, 0.3; 95% CI, .2-.8), occupational exposures (OR, 0.2; 95% CI, .0-.6), or travel within the 90 days prior to illness onset (OR, 0.1; 95% CI, .0-.3). 
2005-2010 Asian Cases Versus 2005-2010 Non-Asian Cases
The median age among Asian case patients was significantly younger than non-Asian case patients (25 vs 40 years, P = .0001; Table 2 
Asian Cases Versus 2005-2009 Asian Cases
The 2010 Asian case patients were significantly more likely to have a household member diagnosed with blastomycosis (P = .003) and were less likely to have traveled during the 90 days prior to illness onset (P = .004) than Asian case patients from previous years ( 
DISCUSSION
We investigated a large increase in reported cases of blastomycosis among Marathon County, Wisconsin, residents with cases geographically clustered within neighborhoods and households. A common outdoor recreational activity did not appear to be associated with the observed increase in cases, in contrast to descriptions of previous Wisconsin outbreaks [3, 6, 7] . A disproportionately high proportion of case patients were of Hmong ethnicity, and the blastomycosis incidence rate among Asians was approximately 12 times that for non-Asians in 2010. Of note, the incidence rate was similarly high among Asians in 2006, when an outbreak occurred in a neighboring county. The 2006 outbreak was attributed to exposure to airborne conidia originating from a central yard waste site [4] , and the local environmental conditions favorable for B. dermatitidis growth and dispersal associated with this outbreak could have also contributed to increased sporadic cases in Marathon County. A similar phenomenon could account for the observed increase in 2010. This investigation did not yield evidence for a single common environmental point source of B. dermatitidis. The typical soil-related exposures that have been identified in previously reported outbreaks of blastomycosis are unlikely to explain the increase described here. Although several prior Wisconsin outbreaks were associated with recreational activities near waterways [3, [6] [7] [8] , our analysis revealed that outbreak case patients were not more likely to engage in typical high-risk exposure activities including camping, fishing, and hiking, compared to case patients from previous years. Cluster case patients were not more likely to engage in outdoor activities compared to control patients. Furthermore, we found that Asian case patients generally participated in fewer outdoor recreational or occupational activities (compared to non-Asian case patients) during the outbreak period and previous years. Previous epidemiologic investigations in other states, including Louisiana, Missouri, and Mississippi, have also demonstrated that in outbreak settings, patients with blastomycosis were not always more likely to engage in occupational or recreational outdoor activities than controls [9] [10] [11] . Additionally, because many case patients had illness onsets during late winter and early spring of 2009, exposure to soil was unlikely because snow covered much of the soil in Wisconsin during these months. Results of our epidemiologic investigation did not suggest transmission of B. dermatitidis from a single environmental source. Instead, it is possible that multiple environmental foci existed, and increased aerosolization of the organism may have occurred as a result of weather conditions, construction activities, or other factors. Transmission of B. dermatitidis conidia from multiple environmental foci could have resulted in the observed clustering within specific households and neighborhoods. Prior reports have demonstrated that B. dermatitidis infection may be acquired at home [12] . However, because our case-control study was designed to examine possible risk factors within neighborhoods, we are not able to determine whether specific neighborhoods were associated with increased risk.
Whereas exposure near one's home may explain the neighborhood clustering of blastomycosis demonstrated during this outbreak, we also observed household clustering. Household clustering may be attributed to the larger number of household members in Hmong households compared to non-Hmong households. [5] Our case-control study was not able to independently evaluate the role of household size as ethnicity would likely confound the relationship between household size and case status. This is the first report describing Asian race associated with an increased risk of acquiring symptomatic B. dermatitidis infection. Racial and ethnic differences in the occurrence of blastomycosis have been described; specifically, high incidence rates have been observed among persons of aboriginal ethnicity in Canada, and among black persons in some US states [11, 13, 14] . The reasons for the disproportionately high number of Hmong persons affected, both during this outbreak and in previous years, are still unclear. Asian case patients were not more likely to engage in the types of outdoor activities that have previously been associated with blastomycosis. A small number of studies suggest the Hmong may be at increased risk of developing certain illnesses, particularly cancer [15] . Glucose intolerance and undiagnosed diabetes mellitus have been associated with the Hmong population in Wisconsin [16] . In our study, only 6 cluster case patients reported a history of diabetes, 3 of whom were Hmong. The prevalence of glucose intolerance or undiagnosed diabetes among cluster case patients is not known.
Because blastomycosis is not endemic in Southeast Asia, Hmong persons may lack naturally acquired immunity to this disease and may have subsequently been more susceptible to B. dermatitidis infection. However, in Marathon County, many of the Hmong case patients had been living in Wisconsin for more than a decade, and many cases occurred in Hmong children who were born in the United States; both groups thus probably had ample time to develop natural immunity to B. dermatitidis infection. Unmeasured sociocultural factors, including differences in behaviors regarding Western medical care (which may affect overall health status), may have also been a contributing factor [17] .
Genetic predisposition to blastomycosis as a result of impaired host-pathogen response is another possible explanation, and deserves further study [18] . Interleukin 12 receptor β1 deficiency and dominant interferon-γ receptor mutations have been reported in patients with disseminated coccidioidomycosis; the latter genetic deficiency has also been reported in patients with disseminated histoplasmosis and paracoccidioidomycosis [19, 20] . During this outbreak, the number of patients who developed disseminated blastomycosis was small; however, a similar genetic mechanism may contribute to susceptibility to acquiring pulmonary infection among Hmong individuals. Further evaluation of the role of potential immune deficits in blastomycosis acquisition is warranted.
One limitation of the study is that a large number of statistical tests were performed without adjustment for multiple testing, and hence some of the findings may be spurious, as the type I error rate is inflated.
Because there are no clear strategies to prevent blastomycosis and many of the signs and symptoms of blastomycosis are virtually indistinguishable from those of other lower respiratory infections, there is a need to increase community and healthcare provider awareness of this disease throughout endemic areas. Increased awareness of blastomycosis may facilitate earlier detection of cases and prompt initiation of appropriate treatment. Further research is needed to evaluate genetic differences in key proteins involved in the immune response to Blastomyces among different populations.
Notes
